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. An improved con,po.ition for .se as a ^ v^^^^^^^ Jnk ^-^^^^^^^^^ 1^^-^,:^ IS 
substrates. The functfonal wstrtuente ^^^^ '^f^^^^''^^ fatty acid and 

tlonal or multifunrfonal aoylate esters and optonaU^ unsaturated UthograpWng 
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properties, 

BACKGROUND OF THE INVENTION 

PrinOnfl technCogy has evoWed aver th. centuries from a ^f^^fj 2:"irin^ 

'^''^i.^tZtS^ZX^^S^r.. prMn. extend. --^^ ^^^^^f^'S^^^^ 

new restricfions and pressures on Ink develop ws. R^^^'^'y- *^ '^'^2^1 unorecedented rate*. AI*ough 

Ste'Snkformul^iBonB havlnfl a »qu.site dry/«JfB period ^-^^'"^^"f^S,*^:^*^^^^^ 

Arelaled development involve* worker andWegeneradpub^^^^ ^'j;'^^^ 

inthoplantcnvi,onment3andnearbyconwnunily.O«upato2S^^^^^ 
rnehtelPtolartionAgenoy(EPA)requlremarrt3repardln9U««a^^^^ 

nifcanUy restricted the permitted environmental ~"<«"*f "'^.f^^^"'^^ 
resoonse the solvent loading and heavy metal drying agents In inkforrrwiattona must De 
Srn^ks\e buildup of ^ente and/or other toxins in ^^^^^^^^ 

lity. and good color (pigment) distribution. There has, heretofore, been a trado-otf oerween sr 

ftMmaBon or heavy metal ions as so^ailed driers, e.g.. csobalt and manganese. 

itvSTa ie a^v^ohallenges that gave rise to ttie devetopmentof «he present .nvenhon. 

Rl IMMARY OF THE INVENTION 

ambient or elevated temperatures without resorting to hazardous exc^enous 

tte another object of the present Invention to provide a composibon fbr Ink vehidea that J"*" 
cosili ^rmunlm^ or n?solvLt loading thereby avoiding high cost investment In plant «,u.pmenl and labor 

""t^s;'Strpre;— 
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di and/or oligo unsaturat«l fatty acid esters in coirbinatwn with d.funchonal or nuiltiftincHonal aipna. Dam 

""^^In 21^^' other Objects Of the present invention are realized in a specific illuBtrative compositton com- 

multifunctional alpha, beta unsaluralBd carboxylate eetw* « selected conoen»rabo^Jl» fo«ovy.ng conv 
pounds are suitalSy employed io the Inventive composlUons and at lha deaisnated proportions and 
(had! and/or oligo unsaturated fatty add ester component of getierat formula. 

[C„H^,c(0)0-]n^; (I) , , 

(10 a difuncllond or multifiinctionfll acrylate ester or dcrivativB component of general tormuia. 

(A(H)C=C<B)C(0)0-1™R; (II) 

***^RisadhraIent or Oliflovalenlhydrocarbyl or o^cygenaledhydrocarbyl radical having from «^ 

rSSViTSdapandenfly hyd,og«». monovalent hydrocarbyl ligands or oxygenated hydrocarbyl ligands wilh 
Up to six carbon atoms each llgand; 

n is an integer ranging from 6 fhrough 21; 
X is an integer ranging from 2 through 4; 

can altemathrely be formed as a comblnaUon (lii) represenOng the constituents of fbnmilaa (I) arKl (II) In 
molecule. In this context, the inventive oomposition oonfom« to the tottowing repr^entet«n^^ 

a mbced ester component combining both unsaUirated fatty eater and alpha, faetadi and/or el.go unaatu- 

rated carboxylatB ftincQons aesconding to the general formula, 

i:c.H^„>»,C(0)O.WA{H)C>C(B)C(0)0>l„R: 0") 

'^^'^Risadivalent or oligovalenthydrocarbyl or oxygenated hydrocarbyl mdlcal having from 

iTndV 'independently hydn^gen. monovalent hydrocart,y1 llgands or oxygenated hydwcarbyl pr.fe«bly 
carbOKylate ligands of up to six carbon atama each; 

n is an Integer ranging from 6 ttirough 21; 

K an Integer ranging from 2 through 4; 
40 mis an integer ranging from 2 through 11; and 

the component (HI) being at least about 2S% by weight of the liquid portion. 
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DETAILED DESCRiPTlON OF THE INVENTION 

The preparation of the compo5l«onaaccon3ing to the above delineated fonnulas is based on ^ <»^^';^«^^^^ 
Of mbced eJLrs of di and/or oligo unsaturated fatty acid and difunofional and/or multifiinchonal ^Ipha, beta 
unrarrated c^boxylic add and derivatives thereof separately or aa a hybrid molecular species to produce 
liquid vehides which can cany pigments for Implementation In an ink system. 

The di and/or oligo unsaturated fatty acid esters are defined by the general formula 

the difunctional and/or multihinctional alpha, beta unsaturated carboxylate esters or derivatives thereof are 
dafined by the general formula 

IA(H)C=CCB)C(0)0-1«R; (H) ^ . . . 

and the di and/or oligo unsaturated fatty add ester plus alpha, beta unsabirated carboxylate ester combined 
55 in a single molecular species are defined by the general fbnriula 

[C„H2(^y>HC(0)0-UA(H)0=C(B)C(0)aLR; 0") 

"^^^'^ R IS a dh/alent or oligovalent hydrocarbyl or oxygenated hydrdcarbyl radical having from two fo eighteen 
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carbon aton,3;^ a« Independently hydroflen. monavalct hydroca*yl llgands or oxygenated hydn>carby. 
ligands wiUi up to 5i?< carbon aloms each; 

n Is an integer ranging from 6 through 21; 
s X IS an Integer ranging 1*rom 2 through 4: and 

m is an integer ranging fron> 2 through 11. ^^^icw* sn ftirietionalilv 

The above relationships depict a seiected r^ge of molecular 
inthecontextofthesysten^ernplcyedforinkprinungandcoat;^^^^^^^ 

section of su'iteWe species satisfying the requiretnents of formulas (I), (11) and (111), respectively, consistent wiui 
10 the present Invention. 

TABLE A 

A list of aoceptaWe difiinctional/ollgohinctional unsaturated f^tty esters useful in the practice of the instant 

45 invention: 

a) ethylene glycol bis 6,Q-aindecadienoate 

b) propylene glycol bis eleomarganate 

c) plnol hydrate bis eleosteaiata 

d) tripropylene glycol bis linoleate 

20 e) pe ntaerythritol tris 7.1 1- behenadlenoate 

f) arabtol telr^kfs 7, 9. 11- trideoatrienoafce 

g) linseed oil 

h) tung (chinawood) oil 
j) safflower oil 

25 K) dehydrated oastor oil 

TABLE B 

A list Of acceplaUe diftinctional or multiftinottonal alpha, bete unsabiraled oarboxylatB eaters uselijl in the 
SO practice of the instant Invention: 

a) Irimethylol propane trimethacrylafce 

b) trwnethyoipropane triacrylate 

c) glycerol acrylate, bis (methyl) maleate 

d) bis oleyl fumarate 

35 e) poiybutadiene diacrylate 

1) pentadecanediol dicrotonate 

g) tetraethylene glycol bis angelate 

h) mannltol pentaacrytate 

j) 1 ,6 - hexanediol bis cinnamalo 
40 k) tris 2 - (2-methyl) propenolatoelhyl trimelilalB 

I) methylene propane trimethacrylatB 



45 



TABLE C 

The following is a list of species containing both difunctional or oligo-lunctioital unsaturated ^^J^^^^^ 
and alpha, beta unsabJrated ^oxylate ester fiinottonalHIes useful In the pracUce of the instant mvenbon. 

a) glyqenDl melHacrylate, bis eleostoarate, 

b) bis Unalool maleate, 

o) pentaerythritot bis crotonate, bis linolate. 
so d) plnol hydrate acrylate, 9. 1 1- tetrad ecadlenoate, 

e) trknethylol propane bis furoate, eleomargate, 

f) ethylene glycol bis 2,4- undecadienoate, 

g) 2-propenoatoethyl linolenate, 

h) castor oH Iris 2,4- undecadienoate, 

65 j) 1 .2,4 - hexanetriol - 1 ,2 - cydomaleate - 2,4 - hexadecadlenoate. and 

oroDvlene qlvcol (methyl) ilaconate, 4,6-pentadecadienate, 

As^n be «a.2ed. the hybrid motecUe expresses the functtonalily of the dl and/or oltgo unsaturated fatty 
acid ester and alpha, beta unsaturated carboxytate ester materials In a single moleculer. 
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The co.oentratlo,«ofthecc«,poundB expressed by tiieabovefonnulas d^^^^^ 
,esul«ng compositions. Obviously, the intended use of the oompos*on ^^^^ ^''^^^^^^ 

To meet non^clvent requirements, the ink vehicle will preferably comprise 30% or more o 
Jo "<i/o;(t"): .n other W with .ome .eve, Of P«-'^„^/^^^^^^^^ 

and (lin wai always exceed 20%. In relative temns. compounds (I) and (H) ^'"J^^T'^^""'^ ^vee^ 

^°"*^n the alternate configuration involving the hybrid molecule, the concentration controls "'"^^ P^P^'" 
t(es.'CJn! ^ the aSove bifu«a.ed sy^em. solvent use should be minh^^ed • R-j;;'^^^^^^^^^^ 
fonnZe is oblatnabte With concentrations of formula (III) ««f"P?«"'^l«'^,^'"3 ^^^.^^ 

Moreover, it ie understood by those skilled in the ait that the niportant v^.^ lf!HHi^ J!J^ ooe?a^^^^ 
oosityduX9t;.eacbialprtntingoi;eratton.Dependingontheappllcation^^^^^ 

to contour the system properties to the application. -Riese additives Include ^'^^^^^^'^^''1^^^°^^^ 
cents and/or coupling agents; reacBve diluents such as low molecular weight unsaturated esters. 
SSanefiwcS c^e^ise act as solvaling agents). monofuncUonal f^^j^^^ ^^^J;^''^;^'^ 
^Wdlnes; slip agents such as polyteli^uoroethylene. par^n wax. ^^^'^^l^^^Z,^ 
polyacrylales. fumed silica and bentonite days; and autoxidahon catalysis Cfbrambtenl air cured systems} sucn 

^Thffo^oTgraSrXlrS^^^^^^ 
deli,^tISS'eL,plesdl,Bct^ to theapplicaticn of the compos 

pies for ttie .m«ntive Inks are provided below as applied to the f°"«7"9 «P«""/ !f l^^^^f S/set priS 
Daoer ooaBnga (Example U sheeted littiograpWc printing on offset paper {Example 2). web P™\""B 
on?n,^S?aSr{eLnis » and 9). hot web offset littiography or web heatset ink (Examples 4. 5 and 6). 

evJateJ.eperfSm.ance.Thevariouafom,ulatlonsarep,«ientedfi»^ 

ing ink perfonnanoe. 



EXAMPLE1 



This example teaches Ihe benefits of the instant Invention with respecl to emissions ^f^'^^^^^""^ 
mb J^^n^ormk coatings on offset paper as compared to the prior art The results are hsted «>^T^Wf ^ • J 
pis wHrbe a^^^ comparing the testsamples with the controls that E^mp le 1 ^^.^"^^^^ 

.^^^ Zt «me and considerably enhanced the rub resistance for certain InvenUve fbrmulatlons 
35 C^a. T3. T5 and T«) In addition to the virtuel elimination of solvent emissions. 
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EXAMPLE 2 



The Example 2 demonstrates that the compositions «««o«iin9 to the p«serU in^^ 



Formulations of gxamole No, 2 

component (Wt:%_l_ e fl ii 1 
Lithol Rubine 

Pigment (l^P) 15 15 15 15 15 IS 

Bodied Tung oil 25 ^ - - 25 - 

No. 3 Coconut Alkyd^ 5 - S4 - - - 

Naphthenic Oil^ ^- - 25 - 



IS 



20 



40 



5.5 - 



Bisphenol A 

Diacrylate 25 50 - 

Oligomer MW 3000 20 31 
2s Acrylic Resin 

MW 12,000 4 - - 

T-Butyl Peroxy 

Benzoate - 2 - * ^ " 

^ 1, 4-Butynediol - 1 - 1 - - 

Surfactant 0.5 0,5 0-5 0.5 0.5 0,5 

TriB 0^0' 
35 methacrylato castor 

oil - - 

Tri» 0,0', 0^ 
methacrylato 
linseedonato-0 , 

pentaerythritol - ^ - 



45 



35 - 84.5 



19 59,5 - 



so 
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1 , 4-DiYftettioxy- 

benzene 0.5 ^ 0^5 - 

CO naphtnenate 12% - 0*5 0.5 - 

Hn naphthenate 12% - - 0,5 - 
Trimet!hylol Propane 
Tri Acrylate 

(TMPTA) 5 - ' 2 5 
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NOTES s (1) Formulation (f ? control) would not dry within 48 

^5 hours without drier (Co) ; 

(2) Formulation (g; control) would not dry within 48 

hours without both driers (Mn and Co) t 

(3) non-drying vehicle 

(4) BP (boiling point) 400-470 degrees F.; 

(5) 1,4 - Butynediol. 



20 



2S The comparathre results are listed m Table 2 bo{ow. 



TABLE 2 



90 



35 
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45 



Test Method 


S. 


1 


a 


H 


i 




Drying Time (Hr.) 2 


.4 


3.4 




2«0 


1.8 


2.1 


24 hr. Pencil 














Hardntass 


2H 


3H 


2H 


3H 




3H 


solvent Resistance^ - 


P 


P 


F 


P 


P 


P 


Abrasion Resistance^ 


P 


P 


P 


P 


P 


P 


Gloss ( 60 gardner) 


52 


34 


50 


57 


55 


51 



NOTES: P=pass; F==fail; 

(IJ 200 methyl ethyl ketone rubs; 
(2) 200 cycle Tabor abrasion tes'b. 



Example 2 demonslrates that in comparison the embodiment of the present invention (e) air-dnes sutetan- 
tially faster than conventional compefito« (f and g) without the need fbr hade heavy metal 
a superior high gloss product and exhibits satisfactory hardness as weU as reststanee to soh/ent and abrasion. 



EXAMPLE NQ. 3 



Thefollow^mg example shoves the utility of the instant formulations in the preferred embodiments of news- 
paper or the so-called vieb cddset inks. Comparative fonnulations were prepared by milling together the Indi- 
cated combinauons of different types of liquid vehicle, pigment, and additives. P'«P«r^«°"=,.''"^f'®^"^^^^^^ 
were applied to uncoated bond stock on a sheet-fed press employing the indicated fountain soIution(a). Result 
ing products were tested for abrasion resistance, solvent resistance, gloss, and dot gam. 
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Formulations of Example No. 3 



Ingredients (parts by weight) 



40 



45 



50 



55 



Lithol Rubine Pigment (URP) 

Tris l6-(2-M6thyl) propenodto]hexanoalo Iris 1.1,1 hydroxy 
methylpropane 

Acrytated bodied castor oil 

Methacrylated light castor oil 

Heavy corn oil (No. 9) 

Light china orl 

Haavy china oil (HC; No. 9) 

470 Naphtha soNent 

Camuba wax 

Dinonyl Phenol Ethoxytate (DPE) 

DPN 



70 



19 



47 



45 



25 
36 

ao 



16 

37 
34 

3 
2 



J 



• The formulations. 3a. 3b. 3c. and 3d, for comparison were mixed four Um« on a J^^"*" « If 

solutions having a viscosity of (47 47-3)x 103 cenUpoiae measured at2 rpm usmg a BrooW-.eld MBT^rt8oometo. 
t!« ™oducte <L. 3b. 3c ^.d 3d) were applied to unooated sheet-fed stock using a Mulbl.th single color press 
to simulate a newsprint environment and an agar/manganese nitrate based fountain s^uhon. 

Tsed on comparative observations of several copies, the preferred ^"'^^^^"^^'^^^'^''^'f^^^Z 
to the present invention dried fasterthan the control fomiulatSon (3d), produced essentially ^^-free Pro'iucb 
compared to the easily nibbed and dblorted conhol. and provided sharper dot Sljuc^res. n fact, me dot ga^ 
SSleinstant embodiments was fbund to be less than5%.asagaln8tappr0)*.«t 
the substantial reductions In pigmentation In instant Examples (3a. 3b. and 3o) as ^o^Pf**. 
the instant formulaflons provided nwie lobusfly colored prints wWch was possibly due to enhanced Wnwer 
propBTties of the preferrsd embodiments. 

EXAMPLE NO. 4 

The following example semes to Hlustrate the advantageous properties of the present irivention for «nbo- 
diments used In hot web off^l IHhogmphy. The advantages observed in addition to the ^^^J^'^^^. ^'"i";^^" 
volatile organic compound solvents C/OCS) Included reduced drying energy ^f^"''«"«"f 
sharpness which was reflected in reduced dot gain, reduced in1< re*,uiremenls at comparable image mtens^hes. 
and enhanced tack stability. Tack is an empirical quantily that reflects the degree of cohesion «^ ? «'"l»"rf^?f ' 
Tack is an important property of Ink. partieulariy, in the case of high speed pnnbng Where the shckiness of ink 
strooglyaffectsthesharpnessof the printed image. . *>„^,„j i,„ 

Black Ink formulauons were prepared by dispersing the indicated proportions of ingredient followed by 
filtiationthrough 5 micron screening to remove residual oversized solid matter. Subsequently each cx)mposlt.on 
was mn independently on a conventional hot web offset press at a preset speed of approximately 1.1 00 teet 
per minute atfuU coverage. Drying was accomplished In a 30 foot oven using a web lemperahjre and chill roll 
combination at the lowest controlled temperature needed to effect 

required fbr product Mldlng. Other properties were measured immediately (otHine) for the dned product TTio 
ink now to rollers was adjusted to compensate for varying output and print color intenstties during startup in 
each case. 
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F orTnulation of E^tample No 
CQtaponent 
fF^rt^ I^Y Weight;) 

HC 

H€iavy cotn oil 
Blaclc Pigment 
(Carbon Black) 
Toner (AlJcali Blue) 
Polyethylene Powder 
Acrylic Resin Powder 
z-Butyl Glycerol 
Triacrylate 
surfac-bant a' 
Surfactant: 
520* F by Naphtha 
Teflon Powder 
Bisphenol K 
dlmetliacrylate 
The results arc presented in Table 4 . 

NOTES 1 (1) surfactant a = zirconiun IV bis (bis 2,2 pro- 
penolatoiuethyl) butanolatio, cycla bis (bie 2,2 
propenolato-methyl) butanolato disphosphat:o O,o; 
(2) surfactant b 1^4 BUtynediol. 



1 
30 



14 


14 


14 


14 


14 


14 


2 


2 


2 


2 


2 


2 


3 


3 


3 


3 


3 


3 




4 


4 


4 


4 


6 




35 


35 




20 


40 


-5 


0.5 


0.5 


0.5 


0.5 


0.5 


.5 


0.5 


0.5 


0.5 


0.5 


0.5 


40 












1 


1 


1 


1 


1 


X 








40 


21 





35 



TABLE 4 



ss 



AO 




a 


b 


C 


d 


e 


f 




Min Dry Temp. (deg. F) 


390 


355 


340 


370 


355 


340 


45 


60 Gloss 


61 


57 


59 


55 


58 


59 




Rub 


P 


P 


P 


P 


P 


P 




%Dol Gain 


23 


15 


11 


11 


13 


B 


50 


Apparent Sq. ft. coverage/lb 
P=pas3; F=faU 


380 


1320 


1270 


1405 


1310 


1390 



The dala In Table 4 show that the fomtulallons (4b-4f) of the instant invention dry at lower tern peratures 
and provrde «ignfficantly enhanced coverage per weight and reduced dot gain over the control (4a). Thus, ttie 
preferred embodiments (4b^f) compare well In terms of a satisfactory rub and gloss with control fonmulatton 
(4a). In addition to the improved energy efficiency, the VOCS of the instant formulation lar reduced from 
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approximately 250 to 400 gfliter of Ink to essenSally nil. 
EXAMPLE NO. 5 

The following example Is directed to cx.rr,positions of web heateet Inks In aooortanc. """^""f 
genBiil formulas (1) and (U) which arefrae of solvent (VOCS) and heavy meta. dne« '^^^^^^^^^ 
Jst8). The main difficulty in producing acceptable solid heat-set inks using a res.nous '^^PPJ.'J jj^ J^^^^ 

to the insufficiently uni^ particulate size and dispersal of acrylfc powder .n the '•^^^-^ ^^^^'l^^^^^^^'^^^ 
or dlstlli8tes.lnalead Of pun«lngthe required extensive rnilllngorgrindjn^^^ 
process was intioduced. Specmcally. acrylic thermoplastloreain free Of hydroca^^^^ 

Lited into methacrylate ester or f^tty add ester thus -fff^'^a 

good shetf life. Moreover. It was found that the gloss and drying PWpert.~f '^l^^^^iT ofo^To^eaT- 
enhanced by usingsOIld aciylic resin compounds of both Iow(about3.000) and medlum(about 17.000) molecu 

lar weight in the liquid vehicle. ^^»„i»Kai»**.«' Hatch Aeon- 

Accortingly.mixtur9sofmsinousvehlcl8<»mponent5werBpr«paredmt««sep«ate^^ 

steted of 70% gelled soya oil and 30% acrylic resin (Acryloid\ DM55. solid. Rohm and Jtos) Batdi B oonsW^ 

o?S% trimet^ylena propane faimethacrytate (SR350: Sartomer Corporation) and ^^'i^^^i'^^^SjfSSjS 
B6e.»Ud.R0hm and Haas). BatchAwasheatedtosboiitlSO^Ctoasmoo^ semi-dear a^^^^^ 

and cooled to about 100«C. Batch B was heated to about 120-0. stirred and cooled to about 100 C. P-^duang 

„ So^^sSsity watsr-whWevehfcle. Finally, equal amounts of these 

ducmg semUlear amber-colored vehlde of a viscosity v«y simBar to bo*^„^'- -^"^^J ,2 ^SiSn^ 
150.000 cenHpoise at rest). This liqukl vehicle component was designated BOM 3500. ""^^ '"^/"^^^^^ 
suitable for e.g.. high gloss n.aga«ne stock are shown below as prepared in the odors yd ow (a), magento 
S^l^an (^)r^d biack (d). It is noted thatthe abse^ 

25 avoids eerious environmental hazards. 

Components (% Parts by Weight) ^ (a) (b) (c) (d) 
30 Pigment MX yellow (sun) 13.0 

Pigment Rutaine (sun) - 13,5 

Pigment Phthalocyanine blue (sun) - - 13*5 - 

Carbon black regal 400 R (cabot) - - - 14.0 

Alkali blue pigment (sun) - - ' 



bodied China wood oil 


20-0 


25 ,0 


25,0 


20. O 


SR350 


15-0 


20.0 


20-0 


18 ♦O 


BDM 3500 


46.0 


36.0 


36.0 


40.5 


Polyethylene micro wax powder 


2.7 


1.7 


1,7 


1.7 


Polytetraf luoroethylene (PTFE) 


1.0 


1.0 


1.0 


l.O 


S ilicone 


2,0 


2.5 


2,5 


2.6 


Kydroquinone 


*3 


.3 


.3 


.3 


Total (%) 




100 


100 





S5 



The solvent-f^ee ink formulations of Example 5 exhibited excellent printing properbes. having only l.tHe dot 
gain acceptable water pickup, exceptional transfer, satisfactory gloss in the finished product, and needing less 
ink for matching the color density of conventional Ink formulaHons. As shown in Table 5 below, although free 
of solvents and driers, all Inks exhibited working charactaristioa ranging from acceptable to excellent. For 
example, the tack sequence as Indicated allows the eortect sequenfisil deposition of the cotor Inks, starting with 
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black followed by the colors wUh increasingly Ughtor hues arid commertsurately decreasing teck. 

TABLE No 5 



TO 



IS 



20 



(Web Heateet Inks) 




Formulation 










Water Pick-up 




59 


46 


49 


43 . 


Tack Seqtjence 




10.2 


11.1 


12.4 


13.8 


G(oss (% of control) 




70 


70 


70 





EXAMPLE NO. 6 

The following exarnple denwnsh^tes the feasibility of using en envlronrnenb^ 
(hydrogen perorfde) source in conjunction with certain preferred formulations m order to obtain signfficant 
S£ct2x,s uTenerg; consumption end potentleDy enhanced speed of drying compared to a W"r«"^«f '"^ 

This lestwae dtected to heatset Inks prepared according to the formuleUone No. 6 and 
coated offset paper end 20 mil dear polyethylene terphthalate (Pet) stocto Samples t®^) ^"f <^>!^P'r|"* 
the inventive system comperable to the eortrol sample (fie). The results of those tests are given In Table 6. 





Fonnulation #8: Heatset Inks 






Injredtont p&rt {%) 


a(Ctl) 


b 


c 


30 


Heavy linseed ott 


2a 


28 


20 




Heavy corn oil 


Id 


18 


14 




Phthakicyanind blue pigment; 


12 


12 


12 


95 


Teflon Powder 


1 


1 


1 




Polyethylene Powder 


3 


3 


3 




Surfactant (a) 


1 


1 


1 


40 










470 degree mineral spirits 


35 








fvimed snica 


2 


2 


2 


4$ 


tatramethylol acetone tetramethacrylate 




35 


32 




water 


1 




1 



Formulated Inks were each mtlled three times prior to applicaUon using a standard heatset web press aa 
fall coverage patterns at 10.000 impressjon/hr fountain solutions employed were solvent free guar QW^n^^i^ 
neaium nltrate-water and independentty guar guirMnagneslum nitrate-3% hydrogan peroxide solution. Resulb 
are given in Table 6« 



55 
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TABLES 



25 







Min. Dry Temp. 


Min Dry 


5 


Temp- Formuiatiori Crountain isoiution^ 


(dea F) Coated Paper 


(deg F) Pet 




Contrc^l Formulation #6a (water) 


380 


390 


to 


Control Fonnnulafion #6a (Peroxide) 


370 


370 


Test Formulation #6b (Water) 


340 


360 




Teat Formulation #Bb (Peroxide) 


310 


320 




Test FonnulaUon #Bc (Water) 


320 


320 




Test FomulaUon #6c (Peroxide) 


310 


320 

' 



Sto EXAMPLE 7 

A Similar test is shown in tJie following Example 7, but now directed Jo sheet fed ink ^>«*^";^- J.^^^^^ 
con^l te a related composition of more conventional make-up, comparable to two eepaRite embodlmenta of 
the present Invention, test 1 and teet2, respectively. 



rot-mula^-ion ^7: RhG^t-fod Inks 



30 



35 



40 



Ingredient 
fPart: Bv VJcaiaht.^ 
Heavy linseed oil 
Heavy soya oil 
carnuba 

phthalocyar\ine blue pigment 
Teflon Powder 
Surf act;ani: a 



Control 
35 

3 
14 
1 

1 



35 
IS 
3 
14 
1 
1 



35 
15 

3 
14 

1 . 

1 



520* mineral spirits 35 
FUtned silica 2 
Acrylat-ed. castor oil " 
TMPTM 
PEM 



SO 



15 
14 



Fonnulated inks were each mUled three times prior to application on coated paper and PVC stocks using 
a standard single color (multflith) sheet-fed lithographic press using gum arabicKJitric ac.d and gum arabiocitric 
55 aad-6% hydrogen peroxide fountain solutions- The minimum drying times are given m Table 7. 
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TABLE NO. 7 



Formutation 


Mln Dry Time (min) Gum/atrate/Wa- 


MJn Dry Time (Min) Gum Cttrate/6% 




ter 






Control Paper 




5S 


57 




Control PVC 




>360O 


>3600 




Test #1/Paper 




<3 


<1 




Test#1/PVC 




60 


12 




Test«/Paper 




<3 










35 







The test compositions fon^lated acco«llng to the present invention deariy outpeiforr^ 
composiUons with regard to rapid drying timas both on paper and PVC surfaces (see Table No. 7>, thereby 
damor%etrating the advantageous properties of tha Instant heatiset and sheet^fed ink fo'^"^^^^'^;^^^^^ 

Our following QmbodlmenlB have been found to provide an attractive trfend of properties consistent wSth 
the needs of the particular industry: 



2s EXAMPLE a 



so 



35 



40 



45 



X. Newsprint: Ink 

Formulation 
Acrylated Castior oil 
China wood oil 
Black pigment 
Alkali Blue Pigment 
Heavy corn oil 
Castor oil 
surfactant^ 

Polytetraf luoroethylene (PTFE) 
Hydrated Liiae 
Soya Alkyd 



Parts By Weight 
24 
16 
12 

2 
10 
24 

0.5 

1 

0-5 

10 



Note: 1) Titanium IV 2-propanoiato , tris (dioctyl) phenyl 
sulf onato-O. 



60 



55 
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Coldsat Web Ink 

5 formulation Partn Ry Welqn^ 

Carbon BiacK Pigment 

Alkali Blue pigment ^ 
Acrylated castor oil 
China wood oil 

Soya AlKyd^ ^ 
liaavy corn oil -^^ 
t3 surfactant^ ° • ^ 

Hydra ted line ^-^ 
PTFE ^ ' ^ 

Notes: 1) VarchBui, Clifton, M^J.; 
^ 2) Titanium IV 2-propanolato, trie (dioctyl) phenyl 

BUlf anato-O 

^ The total invention ingrediants: 35 wel9ht%. 
EXAMPLE 10 

30 sheetifed Plastira/Nonporous Su]?3^r^te T.ofe 

i^or^ulation Pnrts By W^iqht 

Tri^nethyiopropan^ Triacrylatc 

TriTOBthylolpropane Trimethacrylate 28 

15 

Red pxgment 

Butyl Aorylate/Kethyl M^thacrylat^ 
40 Copolymer 

Linseed Alkyd ^^•^ 
Sbya gel 

Heavy corn oil ^ 

45 1 0.5 

surfactant' 

Polyethylene 

PTFE 

Note: 1) Titanium IV (bis 2,2 - propcnolatomethyl) 

butanolato C^is octyl) diphosphato-o adduct 
with 2 moles of N,N dimethyl amino propyl (2- 
mcthyl) propenoamide . 



50 



55 



Theabove-describfedarrangemBat ls me,«ly muaWtive of theprin<Slplesof the present tnventfon. Numerous 

IS 
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modmcallons and adaptations thereof wiU be readily apparent to those skil.ed in the art without departing from 
the spirit and scope of the present invention. 



Claim& 
1. 



10 



15 



30 



A Itauid vefticlo for use in ir^k tortrnilaHons comprising combinations of (I) dland/^ 
add Wtw and 00 a dlfuncKonal or muttl.*.nctlonal alpha, bala unsaturated carboxylate ester. 

2 The liquid vehicle of claim 1 wherein the combined componarrts (1) and (ii) are at least 30% by weiahU but 
each component not less than about 10% by weight of the total liquid vehicle. 

3. An ink composition comprising the liquid vehicle of daim 1 in combination with a colorant 

4. The ink compositton of claim 3 furttier comprising a drying agent 
5 The liquid vehicle of daim 1 Wherein the components are daTined as 

(I) a dl andAar ollgo unsaturated fatty add ester component of general fbrmula, 

(iOadl-crmulti-functtonal alpha. bSun'^hlSS^^^ 
»> fbrmula, ^ C(OM R; (") 

whereiriRisadWalentoroligLvSiSdwc^ftyToroxygenatedhydr^*^ 
to eighteen carbon atoms; A and B are independently hydrogen, monovatenthydrocarbyl ligands or oxyge, 
naled hydrocarbyl llgands with up to six carbon atoms each ligand; 
S« n is an integer ranging ftom 6 through 21; 

X is an Integer ranging ffljm 2 through 4; and 
m Is an integer ranging from 2 through 11 . 

Anir*composittoncomp,1sInathellquWvehlcteofdaim1.when»lncomponentO)^^ 
consisting of: China wood Oil and Methyl Unoleate, ^-O^te sel^^^ ^'^^''"^ 

ot Trimethytol propane trimethactylale (TMPTM) and Phenoxyrthyl Methacrylate (PEM). 

7. A printed artide including print symbols comprising a cured portion of tho liquid vehtele of daim 3 on a 
substrate. 

^ a A liquid vehlde for use in ink formulation comprising a mixed ester component comW^^ 
S,aXo1iLounJ,hiratedf^ 
functions. 

9 The liquid vehida of daim 8 wherein the mixed ester component (iii) is defined by the general formula. 
^ ' lC„H2i,^^C<0)0-UA(H)C=C(B)C(0)0-L„R. 0") 

**^'^RisadivaIerrtordigovalenlhydrocarbyl or oxygenated hydrocarbyi radical havingfV^ 

Jrndi;^!?Sln?eTendently hydrogen, monovalenthydrocarbylligandsoroxygenatedhyd^^^^^ 

' of up to six carbon atoms each; 

n is an integer ranging from 6 through 21; 
X is an integer ranging from 2 through 4; and 
m Is an integer ranging from 2 through 11 . 

^ 10, The liquid vehicle of daim 8 wherein the mixed e^ter component is at least 25% by weight of the liquid 
vehlde. 

11. An Ink composition comprising the Ikiuld vehicle of daim 8 In combination wrtth a colorant 

55 12, The ink oomposlBon of daim 11 further eompriaing a drying agent. 

13 An ink formulation comprising the liquid vehicle of claim 9. vrherein component (iii) is selected finom a group 
. c^nSng rf: Wmelhyld propane diaorylate linolenale. pentaerythrttol trimethylate delta 9.myr«tate and 
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tri (9-propenalo-C)-de!la-11-octaclec9nateo-), propane (1 ,2,3) trfol. 

14. A liquid vehide for coating or ink formulation comprising 

(I) a d! and/or oligo unsaturated fatty acid ester component, 

(ii) a difunciional or multi-lunctional alpha, bela unsaturated carboxylate ester component or denvabve 
thereof, and . . 

(lil) a mixed ester component containing both di and/or oligo unsaturated fatty add and di or mulU-lunc^ 
llonal alpha, beta unsaturated carboxylate funcUons or derivative thereof. 



10 



15. An ink formulation comprising the liquid vehide of daim 14 containing at least about 25% by weight of a 
combination of components (i) and (ii) and at least about 5% by weight of component (iii). 

16. An ink formulation consisUng essentially of the liquid vehlclB of daim 14. 

17. The liquid vehicle of daim 1 wherein the dl and/or oligo unsaturated fatty acid ester is selerted from the 
group consisting of: 

Ethylene glycol bis 6,^ undecadlenoate* 
propylene glycol bis eleomarganate, 
pinol hydrate bis eleost»aTate» 
tripropylene glycol bis linoleata, 
^ pentaerythntol tris 7, 11- l}dhenadienoate, 

arabltol telrakis 7, d. 11- tridecatlenoate. 
linseed oil* 

tung (China wood) oil, 
safflower oil, 
25 soya oil, 

dehydrated caator oil, 

and the difunctlonal and/or multKunclional alpha, beta unsaturated carboxylate esters selected from a 
group oonststlng of. 

Trimethylolpropane tn'methacrylale. 
trimethylolpropane Iriacrylate, 
glycerol acrylate, bis (methyl) inaleate, 
bis oleyl fumarale, 
polybuladfene diacrytale, 
pentadecanedioi dicrotonate, 
35 tetraethylone glycol bis angelate, 

mannltol pentaacrylate, 
1 .6 hexanediol bis cinnamate, 
tris 2-(2-methyl) propenolatoethyi trimelitaLe. 

40 18- The heavy metal drier-free lithographic ink composition comprising the liquid vehide of daim 1, a pigment, 
a surfactant, and a solid resin. 

19, The liquid vehide of daim 14 wherein the components are defined as 

(i) a dl and/or oligo unsaturated fatty add ester component of general formuta, 
45 IC„H2<^^,C(0)0-],R; (I) 

00 a di- or multi-functional alpha, beta unsaturated cartioxylate ester or derivative component of general 
formula, 

[A(H)C«C(&)C(OM™R; and ("> 
(ill) a mixed ealer component containing both di and/or oligo unsaturated fatty aoid and alpha, beta 
60 unsaturated di-fu nctiona! or multi-functional carboxylate ester functions or derivative thereof accOfHing 

to the general formula, 

IC^2^,.^mC(0)0-UA{H)C=0(B)C(0)0-]^R; (III) 

wherein 

R is a divalent oroligovalent hydrocarbyl or oxygenated hydrocarbyl radical having from two to elgh- 
55 lean carbon atonrxs; 

A and B are independently hydrogen, monovalent hydrocarbyl ligands or oxygenated hydrocari>y( ligands 
of up to six carbon atoms each; 

n is an integer ranging from 6 through 21; 

17 
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X Is an integer ranging from 2 through 4; and 
m is an Integer ranging from 2 through 11 . 

20, Amekhodof printing comprising the steps of; ,tw « anrf 
a. preparing a printing ink comprising the liquid vehicle of claims 1, 8 or 14, with a cotoiant. and 
b- applying said prinHng inl^ on a subslrate material. 

21. The liquid vehicle of daim 8 wherein the mixed ester component is selected from a group consisting of: 
glyceryl methacrylate. bis eleostearate, 
bis linalool maleate, 

pentaerythritol bis crotonate, bis linolate, 
. pinol hydrate acrylate, 9,11- tetradecadienoate. 
trimethylol propane bis furcate, eleomangate, 
ethylene glycol bis 2,4- undecadienoale. 
2-propenofitoethyl linolenate, 
castor oU tris 2,4- undecadienoate, 
1,2,4 - hexanetrioJ cydomaleate, 2.4 - hexadecadienoate, and 
propylene glycol (meth/) ilaconate, 4,e-pentad©cadienate, 

22. An Ink formulation for web heatset printing comprising the liquid ve^cle of cl^alm i w^^^ 
^° vents and drying or coupling metal catalysts and which comprises at least about 20% weight prefera^^^^ 

about30% by weight, each of trimethylene propane methacryiate ester and the unsaturated fatty aad ester 
selected from the group consisting of China wood oil and soya oil. 
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Descriplion 



This invention relates to novel , (ow volatile organic component (VOC) lithographic printing ink systems and "methods 
for ink film prt^duction using the novel systems. The invention particularly relates to rapidly heat curable Rthographic ink 
s systems containing catalytic redox means and cross-linWng agents for the comtjined initiation of free radical polymeri- 
zation and crosslinWng of vegetable oil based printing inks containing unsaturated polyester res«n(s) having avaiiawe 
caiboxyiic acid groups. The Ink film produced by the invention is virtually 1 00% solids and tack-tree. 

The volatile organic component CVOC) as a percentage of printing Inks is rapidly becorrting an important environ^ 
mental issue. Ftormul^ons In many ink types have traditionally consisted of relatively high molecular weight polymers. 
10 a mixture of additives, pigment and one or more volatile hydrocarbon solvents. These solvents may represent a poten- 
tial vrart^er exposure hazard and are also known to contribute to the tropospheric air pollution problem as well. 

In order to overcome the problems associated with Wing sdvenls. both In the ink industry and other coatings indus- 
tries new technologically advanced products have an-ivod on the market. Present technology includes the use of water 
borne, high solids, and powder coating systems. High eofids products are based on the solventless system in whic*i 
15 polymerization occutb after application of the coating or Ink are also available. These products usually employ relatively 
low molecular weight, highly functional resins in conjunction witti a croes^linking agent and a "reactive (filuonl", if nec- 
essary, for viscosity reduction. . u wt 

Lithographic printing is a process which utilizes a coated metal or polymeric plate containing a hydrophobic image 
area which accepts, i.e., it is wetted by, hydrophobic based ink and a non-image hydrophilic area vtfhich accepte water 
ZQ L e.. the founlain solution. As practiced in the prior art. high speed web presses use inks that contain organtc solvents 
to transport the ink The drying of the printed ink f Hm is achieved fay solvent volatilisation at a substrate temperature of 
about 150" - 200*C. Consequentiy, the use of such inks in the prior art requires highly sophisticated emission control 
equipment In order to con^y with dean air and occupattonal standards for exposure to or^nlc solvents. Considertng 
these envirbnmertal standards and the costs associated with complying v«th them under practical Industrial conditions. 
^ artisans in the field of ink development have been vigorously engaged n the development of new *»7^.^^^*^^ 
. readily meet environmental standards but still provide the quality performance demanded tor the final printed product. 
It is an objective of the present invention to provWe a solvent-free, high solkis, low VOC prlnfina ink. 
Another objective of the invention is to provide a solvent-free printing ink having a high level erf fkiw properties, seH 
structurecapabiOty and that is very fast drying. , 
30 Yet another objectivB of the invention is to provide the printing industry a sdvent-free. fast drying. vegetaWo dl 
based "environmentally friendly" printing ink. ^ 

The foregoing objectives plus other features and advantages are achieved through the practice of the discovenes 
of the instant invention as described hereinafter. ^ 
H^l-set. low VOC web offset lithographic inks are prepared in the instant invention from solid resm, drying ai 
36 aJMs, bodied drying oil. vegetable oil. f&tty acids, multifunctional unsaturated polyester, reducing agents and transition 
metal salts of organic acids. The litfwsgraphic fountain solution contains water soluble or emulsifiaUe hydropenaxides 
which promote free radical polymerization of the inksystem when placed in contact with the Inkfbnmulaition of «ie irwetv 

The Invention provkies a solvent-fifee lithographte printing ink that dries rapidly under the inHueiice of heat -Rie 
40 invention is based on redox initiation sy&tems composed of initiators such as free ladicai forming ongamc hydroperosade 

and peroxide dissolved In a fountain solutfon and reducing agents such as fferrous compounds in the printing mk. 

Optionally, the hydroperoxide may be contained in the ink and the reducing agent contained in the founlain solution. The 

printing ink also contains onganomatajlic compounds. I.e., zirconium carboxylates that function as crosslinking agents. 

Upon application of heat during heat set drying, thermal curing takes place via free radical crossTinking between unsatu- 
45 rated materials and crosslinWng reaction through interaction between carboxy groups contained in the printing vehicles 

and organic acid salts where the organk: acid has an acid functionality of at least 2, Zircortfum compounds of organic 

acids are preferred. 

More particularly, the invention is a vegetable oil-based, heat curable lithographic printing ink system composing a 
first part conprising a liquid lithographic printing Ink containing pigment, a vegetable oil based rosin ester, unsaturated 
BO polyester resinCs) having free carboxyllc acid groups, a reducing agent and a croBS-finking agent comprising an orga- 
nometallic s^t; and a second part comprising an aqueous fountain solution containing an organic hydropero)dde or per- 
oxida The reducing agent may be contained In the fountain solution while said organic hydroperoxide or peroxide is 
contained in said ink. 

In a preferred embodiment, the aqueous fountain solution contains between 1-5 weight percent of organic 
$s hydroperoxides or peroxides as an oxidizing agent. The liquid lithographic printing ink contains between 1-10 weight 
percent of a reducing agent, 1 -5 weight percent of a crossrlinking agent comprising an organometallic salt, 6-60 weight 
percent of vegetable oil based rosin ester, 5-30 weight percent pigment and S-20 weight percent tmsaturated polyester 
resin(s) having free carboxyllc acid groups. 
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The present Invention employs a two part thermosetting ink system lor curing or drying vegetable oil based litho- 
graphic printing Ink on non-melalfic plate or filnx The first part contains pigment, vegetable oil based rosin ester gel, one 
or more reducing agents, a polyester formed by esterification of an aliphatic polyol and C12 to C20 unsaturated fatty 
acid, an aromatic polyester modified with trimeHitic anhydride to produce a resin containing free carboxylic acid groups. 
5 and organometallic salts having a funcfionality of at least 1 . Preferably, zirconium compounds are induded as the a ga- 
nometalllc salt which are capable of forming strong crosslinking bonds with the free carboxylic add groups of the fore- 
going resins. 

The second part consists of an aqueous lithographic fountain soiuiion containing free radical forming and water 
mlscible hydroperoxid8S» peroxides, or both. 

10 The present invention is derived from the discovery that when the novel lithographic ink system described above 
as parts 1 and 2 Is substituted for a conventional ink system as used in lithographic printing plate preparation, i.e.. ink 
and fountain solution, the free radical initiating catalysts conlained in the aqueous fountain solution and normally used 
10 treat tha hydrophiUc part of the lithographic plate migrates into or is absorbed in the liquid ink deposited on the ole» 
ophilic image part of the plate when these two components inevitably come into contact during dampemng in the plate 

IS making ptocess. When the catalyst in the fountain solution is absorbed into the liquid ink on the Imaging surface, a com- 
position is thereby formed that lends Itself to redox initiated, free radical polymerization and crosslinking of olefinic 
unsaturation in the ink vehicle upon heating. Further, it has been discovered, the presence of excess cailDOxylic acki 
functionality in the liquid ink and organometallic salts produces additionaJ crosslink formation when the system is sub- 
jected to heat or thermosetting treatment. , 

20 The phenomenon of catalyst migration from fountain solution into ink vehicle^ it has been discovered, is not 
restricted to the migration of organic hydroperoxide or peroxide migration from fountain solution into the ink vehicle. For 
example, the reducing agent contained in f imi part, the ink vehide. as taught above may optionally be contained in the 
second part, the fountain solution, while the organic hydroperoxide or peroxide is added to the ink vehicle formulation. 
The process of the Invention proceeds as well in either configuration. 

s$ Ferrous compounds are preferred In the invention as redudng agents to form free radicals by redox reaction with 
hydroperoxide during drying process. Particularly preferred ferrous compounds are ferrous ammonium sulfate, fen'ous 
sulfate, ferrous lactate, ferrous naphthenate and ferrous oxalate. However, other lower valence state salts can be used 
as reducing agents. 

, &eQ radicsJ forming oxidizing agents useful in the compositions of the Invention Include cumene hydroperoxide, 

so benzoyl peroxide and tertiary butyl hydroperoxide- 

Printing ink compositions based on the vehicles and additives of the invention may employ a wide variety of pig- 
ments. Examples of suitable pigments are: phthalo cyanine blue, benzidine yellow, fitho rublne red. and carbon Wade 
The ink system of tha invention can be dried or cured at temperatures between lOO'^C and 180'C, preferably 
between 1 50 - 1 BO'^C. 

35 While not intending to be constrained by theoretical consideration, it is believed that the process of the invention 
Involves the following curing mechanisms when the treated printed plate is dried between 1 50 - 1 BO'^C: 

Oxidation-reduction reaction between hydroperoxide and fen'ous compounds produces the free radicals which 
propagate frie polymerlzatfon or drying of vegetaWe oils producing crosslinks with mulli function unsaturation 
40 present in the ink system; 

zirconium compounds react strongly with carboxylic add groups, tomr^ing covalent bonds while hydrogen bonds are 
formed with hydroxy groups which. In combination, further enhances the drying of the novel printing ink of the 
invention. 

... 

Since no volatile reaction by-products are produced by the pnDcess of the invention, the product of the inverrtion is 
essentially 100% non-volatile. The novel printing ink is stable for long periods since there are no driers arxJ/or free rad- 
ical forming hydroperoxides or peroxides present in the ink system when the ink system is fonnulated to include reduc- 
ing agents. The use of zirconium compounds as crosslinking agents, ferrous compound as redudng agent and 
so hydroperoxide and peroxide in the fountain solution, significantly lowers the drying time of the printed Ink without dis- 
turt^ng the stabHhy of the ink system. 

In the following Examples all tour colors, including cyan blue, magenta red, yellow and black printing inks were tri- 
aled on a 2/cokjr 25- Q.RI. Miehle Press at 6,000 sheels/1 hour, impression. A Westvaco sterling litho gloss paper was 
used as a printing sdbstrate. All tour colors were printed at standard web offset printing optical density ranging from 
ss 1 .01 to 1 .75. After printing, these sheets were tested for drying on a sinvatrol drying tester with a belt speed of 40 ft./min. 
at 150 to 1 0O**O temperature. A total of 1000 sheets were printed tor each color. 

The two part printing ink system of the invention depicted in the fdlowlng examples consists of printing ink compo- 
sitions using ferrous compound as reducing agent in the first part The second part consists of a concentrate Roso KSP 
#500 M-3 fountain sdution diluted with tap water according to the manufacturer's instructions. To the diluted fountain 



PAGE 27/33 ' RCVD AT 2/6/2006 1:30:03 PM [Eastern Standard Tiin^^ 



FEB-Oe-2006 MON 01:38 PITE A P 8. D 



FAX NO. 8174394170 



P. 



EP0731 150 A1 

solution water mlsciWe tertiary twtyl hydioperoxicle-TO was added as free radical forminQ to provide a 5% solution of 
oxidizing solution. TT,««r=« 
A high sow. low VOC soya oil l>ased heatset printing inl< having the following composition was prepared. t«;^' 
three examples illustrate the appi icaton of ferrous compound as reducing agent in the tountaui soluOon and free raaicai 
forming oxidizing agent in the Ink formulation. All inks were prepared by first preparing a concentrated bs^e iroter ai. 
consi^ing pigment, vamish and reactive diluent. This base was then used to prepare the final ink lormulaton. The ink 
formulas are descrtoed in the following by parts and percentage by weight. 

Example 1 



10 





Ink Formulation 


Parts 


IS 


1. Soya oil based rosin ester 


56.00 




2. Phthalo blue pigment 


15.00 




3. Conjugated pnoletc add 


9.00 


20 


4. Unsaturated cydoafiphatic ofigomer (Astrocure - 78) 


10.00 




5. Polyethylene wax 


&00 




6. t-butyi hydrciperoxide 


5.00 






ioo,oS 



30 



Prior to the printing process 5% ferrous sulfate was added to diluted Roso KSP #500 M-3 fountain eolufion. When 
the prtnling process lakes place, tfie ink comes in contact with ferrous sulfate viatountain solution. An oxidation • reduc^ 
tion reacbon between t-butyl hydropeiwide of the Ink and ferrous sulfate of the fountain solution forrro the free ^aa^cate 
which propagate the crossHnking reaction between the unsaturated materials of th© ink. As a result the ink is dry to the 
touch at 150 to 180°C within 1 second. 



40 



4£ 



so 



^ E)cample 1 was repeated by substituting tertiary butyl hydTopsroxde with cumene hydrqpero»d& ine resultant Ink. 
inthe presence of ferrous sulfate in the fountain solution. IS dry to the touch at1^ 

rflmparative gxamofa 

Example 2 was repeated without using ferrous sulfate reducing agent in the fountain solution. The resultant ink 
does not dry to the touch at 1 50*C within 1 second. The results indicted that a reducing agent, for «cample ferrous sul- 
fate, is required to forni free radicals by redox reaction which helps to dry the ink by free radical crosslinking reaction at 
a lower temperature of ISO'^C. 

Example 3 

Examples 3 to 7 illustrate the application of ferrous compound as a reducing agent in the ink tonnulation and ow- 
dizing agent for example t-butyl hydroperoxide - 70 in the fountain solutioa tt also describes the second drying mech- 
anism by crosslinWng carboxy groups containing polyester and zirconium compounds to obtain through dry to the pnnt 
at higher opttcat density between 1 .60 to 1 .90. Following is the Ink formulation: 
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Ink Formulation 


Parle 


1 . Soya oil based rosin ©ster 


43.52 


2. Phthalo blue pigment 




3. Unseed oil based polyester 


4,75 


4. Carboxy group containing polyester 


14.25 


5. Qonjugated Unoleic acid 


9.95 


6. Ferrous Naphthenate 


5.70 


7. Zirconium Propionate 


1.88 


8. Polyethylene/PTFE wax 


4,75 


9. Zinc Neodeconate 


0.95 




100.00 


Fountain solution; Roso KSP #M-3 + 8% t-bu^ 
hydf operoxide-70. The ink, when printed on a 38 Inch 
MIehle sheetfed press^ showed no signs of offset and 
dried to the touch within 1 second at 1 50* - 1 eo'C. 



25 

I2apyte4 

This heatsel ink was prepared by substtluting ferrous naphthenate with cerium octoate. The material oxidizes the 
50 hydroperoxide to form free radicals, which croesnnk the unsaturalion material of *ie ink during the Ink drying process. 
The folkswing is the ink formulation: 





Ink Formulation 


Parts 




1 . Soya oil based rosin ester 


44.90 




2. Phthalo blue pigment 


19^5 




3. Cartxsxy group containing polyester 


2.55 


40 


4. Conjugated h'nol^fc acid 


6.40 




5. Unseed oil based polyester 


6.40 




6. Cerium Octoate 


8.98 




7. Polyelhy1eneyp-T-F-E Wax 


8.97 


4S 


8. Zirconium Propionate 


g.SS 






100.00 



so 
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pxample 5 

High solid, low VOC , magenta red heatset ink was prepared by utilizing the following formulatioa: 



10 



IS 



20 



Ink Formulation 


Parts 


1 . Soya oil based rosin ester 


44.90 


2. LMio rubine red pigment 


19,65 


3. Unseed oil based polyester 


6.50 


4. Conjugated linoteic acid 


7.55 


5, C^rboxy group containing polyester 


5.70 


6. Po!yethylene/P-T-F-E wax 


6.85 


7. Ziroonlum Propionate 


3,15 


8. Penvus Naphthenate 


5-70 




100.00 1 



The resultant ink was dry to the touch at ISO'^C Within 1 second. 
Transpa^t yellow heatset ink was prepared by the foUowing formulation: 



30 



35 



40 



45 



Ink Formulation 


Parts 


1. Soya oil based rosin ester 


41.70 


2. Transparent yellGW pigment 


10.65 


3. Unseed oil based potyester 


3.55 


4, TM,A, modified benzoate ester 


14.90 


a Conjugated linoteic ackl 


18.05 


6. Ferrous Naphthenate 


4.65 


7. Polyeihylene/P-T-F-E wax 


3.70 


& Zirconium Propionate 


2,60 




i?Rnj5 



The resultant ink of Example 6 dried at ISO'C within 1 second. 
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Example 7 

High $olicis black heatset ink was prepared as follows: 



15 



Ink Formulation 



1 . Soya oil based rosin ester 

2. Carbon black pigment 

3. Unseed oil based aJkyd resin 

4. Conjugated linoieic add and T-M-A 
nnodtf ied benzoate ester 

5. Conlugated linoieic acid 

6. Ferrous Naphthenate 

7. Polyethylene/P-T-F-E wax 

8. 2rconlum l^ropionate 



Parts 



32.85 
11.45 
3.80 

20.00 
19.90 
5.00 
4.00 

100.00 



The resultant inks of Examples 3 to 7 were dried by the dual mechanism; (1) free radical cross-linking reac^on 
between unsalLiraied materials of the Ink and (2) croBS-llnWng reaction through intemction between carboxyl groups of 
the printing ink vehicle and zirconium compounds. The final prfnt showed no signs of offset and dried to the touch at 
150°C within 1 second. 



Claims 

30 

1 . A vegetable oD-based, heat curable Hthographic printing ink system comprising: 

a first part comprfsing a lk?uld lithographic printing ink containing pigment, a vegetable oil based rosin ester, 
unsaturated polyester resin(s) having free carboxytic add groups: a reducing agent and a cross-finking agent 
35 comprising an organometailic salt: and 

a second part comprising an aqueous fountain solution contairting an organic hydroperoxide or peroxide. 

2. The system of claim 1 wherein said reducing agent is contained In 82Ud fountain solution while saW organic 
hydroperoxide or peroxide is contained in Sciid ink. 

40 

3. The system of claim 1 or 2 wherdn saki rosin ester comprises soya oil based rosin ester. 

4- The system of any of claims 1 to 3 wherein saki polyester comprises the pQlymeric resWue of an aliphatic alcohol, 
Cia'<4o unsaturated fatty acid and aromatic cartw^^ic acid(s) including at least one aromatic cartOxyUc acid hav- 

45 ing a funcflonality greater than 2. 

5- The system of claim 4 wheren said unsaturated fatty add comprises linoieic acid and said caitxwytk; add(s) com- 
prise a mixture of benzoic acid and trimellitic anhydride. 

so 6. The system of any of claims 1 to 5 wherein said cross-linlgng agent is selected from carboxyllc ackl salts of Groups 
IIA-VlllA transition metals of the Periodic Table of the Elements plus copper, aluminum, tin and lead. 

7. The system of claim 6 wherein said cross-linkir^ agent comprises zirconium propionate. 

55 8. The system of any of claims Ito 7 wh ereln said hyd roperoxide or peroxkle is selected from oumene hydroperoxide, 
benzc^ peroxide and tertiary butyl hydroporoxlda 

9. The ByBtem of any of claims 1 to 8 wherein said reducing agent is selected from ferrous ammonium sulfate, ferrous 
sulfate, ferrous lactate, ferrous oxalate and ferrous naphthenafe. 
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10- An organic solvent free, heat curable lithographic printing ink system comprising: 

an aqueous fountain solution containing between 1 -10 weight percent of a reducing agent; and 
Fiqujd lithographic printing ink containing 1 -6 weight percent of a cross-linking agent comprising an organome- 
5 taMic salt. V5 weight percent of organic hydroperoxide or peroxide. 5-60 weight percent of vegetable oil based 

rosin ester. 5-30 weight percent pigment and 5-20 weight percent unsaturated polyester resin(s) having free 
carboxylic add groups. 

11. The system of claim 10 wherein said reducing agent is contained in said liquid lithographic printing ink while said 
10 organic hydroperoxide or peroxide is contained in said fountain solution. 
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